The distributionof trace elements Fe, Cu, Zn, Se, and Rb was determined in sera from patients with the complete type of Beh#{231}et disease in the active stage and from healthy controls. Total reflection x-ray fluorescence was used for quantitative analysis; in general, atomic absorption spectrometry was used only for control of the Se values. Zn, Se, and Rb concentrations were significantly (P <0.0001) lower for patients than for control subjects. No significant difference was determined in the Fe content. However, there was a significant increase in Cu in the patients so that the ratios Cu/Zn, Cu/Se, and Cu/Rb were signfficantly higher for the patients than for the control subjects (P <0.0001). To test the accuracy of the analytical method, we analyzed a reference material of freeze-dried human serum. This material had previously been e,mmined by various analytical methods by Versieck et al. (10, 11) .
Beh#{231}et disease, first described by the Turkish dermatologist Hulusi Beh#{231}et, is a multisystemic vasculitic disorder with unknown Cu, Cl, Zn, Cr, and Br in ocular attacks in Beh#{231}et disease and reported that only Cu has a strong relationship to the ocular attacks. In another study, Delilbai et al. (7) found that Se is significantly lower in sera of patients than in control subjects, suggesting that Se may affect the prognosis for these patients.
Here, we determined the distribution of Fe, Cu, Zn, For digestion under normal pressure, we added 1 mL of concentrated HNO3 to 500 L of sample (or 400 L of concentrated HNO3 to 200 L of sample) and heated at 160 #{176}C for 60-80 mm. After cooling to room temperature, a Ga standard solution was added as above and thoroughly mixed. We then pipetted 20 L of the mixture onto a sample carrier and evaporated the solvent for analysis by TXRF.
All chemical reagents and acids used for preparation were "Suprapure" (Merck, Darmstadt, Germany). The water was "ultrapure" (Millipore system, ASTM type 1; Millipore, Bedford, MA). less discharge), 6 W; absorbance measurement, peak height.
Hydride system. Se hydride was obtained by reaction with a freshly prepared solution of 3 g of NaBH4 in 100 mL of 0.01 mol/L NaOH. The reaction flask, the connecting tubes, and the quartz cuvette were purged (-30 s) with inert gas (purified nitrogen, flow rate 5-6 ldmin). Then, the NaBH4 solution was added to the sample solution in the reaction flask by means of a peristaltic pump. Se hydride was flushed into the heated quartz cuvette (900 #{176}C) by nitrogen and the hydrogen that was formed simultaneously.
The hydride was thermally decomposed in the cuvette and the elemental Se was determined by AAS. Quanti The results of nine parallel determinations obtained for a particular serum (no. 23) from a Beh#{231}et patient are summarized in Table 2 for five different elements. The relatively poor precision for Rb and Se (18.8% and 29.0%, respectively) is caused by assay of low concentrations, closeto the detection limit of the method.
The results obtained for sera of all patients and controls are summarized in Table 3 . The individual values for Fe, Cu, Zn, Rb, and Se are in accordance with values of the literature (9, 13), although the Se concentration was fairly low. Because the Se concentration is near the detection limit of TXRF, we also determined Se by AAS, which gave far better precision (CV = 3.1%). However, the mean Se value by AAS was nearly equal to that by TXRF (see Table 3 ).
Distinct differences in SDs were obtained for the individual patients within their group and for parallel determinations. The SD values for the different individuals (Table 3) are three-to sevenfold greater than that due to parallel determinations ( values in both groups were not significantly different (see Table 3 ).
A nonparametric test has to be applied for the nongaussian distributions of the other elements. The U-test (Wilcoxon and Mann-Whitney) shows significant differences between the two test groups with respect to Cu (P <0.001), Zn (P <0.0001), Rb (P <0.0001), and Se (P <0.01). Compared with the healthy controls, patients have a higher mean Cu concentration (1.3 times), but lower Zn (0.8), Se (0.8), and Rb (0.6). Furthermore, the distribution of SD values for Cu and Se concentrations in patients was approximately double that in the control subjects (see Table 3 ).
As a result, the concentration ratios of the excessive element Cu and the deficient elements Zn, Se, and Rb (summarized in Table 4) are extremely significant for patients and control subjects (P <0.000 1). For patients, the Cu/Zn ratio is 1.6-fold, the Cu/Se ratio 1.6-fold, and the Cu/Rb ratio 2.2-fold that of the healthy controls.
DIscussion

Preparation Techniques
Under the conditions chosen for direct analysis, we saw no losses for trace elements that are volatile during the drying process in an acid medium. That is, Br was found to be 450-800 mg/L by this technique, but only 0. Digestion under high pressure allows the processing of five samples and one control in one operation; however, the processing time still takes 3 h and needs a sample volume >1 mL. The digestion in a closed chamber prevents losses of volatile elements during the digestion process, but there may be some losses at the drying step under the infrared lamp.
The digestion by HNO3 under normal pressure also gives reproducible results for nonvolatile elements, just as the just-mentioned technique does. Moreover, small volumes of sample (200 L) can be used for analysis.
Therefore, we used both techniques to determine the nonvolatile trace elements in this study.
Biochemical Results
The Cu concentrations in the sera of Beh#{231}et patients were significantly higher than in the sera of control subjects. An increase in Cu has already been reported by others (6, 14) .
Ishikawa et al. (15) showedthat Cu is one of the major elements to produce experimentally a mucocutaneo- On the other hand, concentrations of Zn and Rb were significantly lower in the sera of patients than in sera of controls.
Our report shows for the first time a correlation between Rb in serum and Beh#{231}et disease. A decrease in Zn in sara has been reported by Mineshita et al. (17) H202, 02, and OH) . These results and our previous findings (16) indicate a decreased activity of glutathione peroxidase and lead to the conclusion that the antioxidative mechanism of all cells is partially destroyed in Beh#{231}et disease.
When the Zn, Se, and Rb concentrations are normalized with regard to Cu content, we speculate from the present study that the changes determined for those elements will be even more apparent.
